By proposing an ansatz for the pressure (measured in terms of the bag constant) of the hadronic gas in equilibrium, we have determined the crossover (critical or transition) temperature T c and the critical chemical potential µ c from the quark-gluon plasma (QGP) state equation only. Our approach allows one to calculate some interesting medium effects of the QGP phase (such as plasmon and thermal quark masses, the Debye length, etc.) as well in terms of the bag constant and the strong "fine structure constant" α s . All the above mentioned medium effect quantities nonanalytically depend on α s which reflects the nontrivial infrared structure of the thermal perturbation theory. For T c (at the same value of α s in terms of 6/g 2 ) we obtained good agreement with recent lattice data. We predict T c , µ c and medium effects considered in our paper for any chosen value of α s from the region 0 ≤ α s ≤ 1 and for N f = 0, 1, 2 numbers of the thermal quark species.
I. INTRODUCTION
The quark-gluon plasma (QGP) phase is the necessary step in the evolution of the Exited Matter from Big Band to the present days. Apparently, the only way to study this phase of the expansion of the Universe is nuclear (heavy ion) collisions at high energies which makes it possible "to recreate conditions akin to the first moments of the Early Universe, the Big Band, in the laboratory" [1] . Because of the confinement phenomenon, the nonperturbative vacuum structure must play a very important role in the transition from QGP to the formation of the hadronic particles (hadronization) and vice versa. As it was underlined in our papers [2] , any correct model of nonperturbative effects such as quark confinement or dynamical chiral symmetry breaking (DCSB) becomes a model of the QCD true ground state (i. e. the nonperturbative vacuum) and the other way around. Thus the difference between the perturbative (always normalizable to zero) and the nonperturbative vacua appears to be necessarily nonzero and finite to describe the above mentioned nonperturbative phenomena at zero temperature. Moreover, the existence of the finite vacuum energy per unit volumethe bag constant -becomes important for realistic calculating of the transition data from hadronic to QGP phases at nonzero temperature as well. Our main goal in this work is to calculate the crossover (critical) temperature T c , at which deconfinement phase transition can occur and chiral symmetry is restored, in terms of the bag constant and the strong "fine structure constant" α s . Also, in the same way, we will calculate some interesting medium effect quantities in the QGP state. All the obtained expressions for the above mentioned quantities (such as screening masses, Debye lenght, etc) show the nonanalytic dependence on α s , which, of course, is the direct manifestation of the infrared (IR) divergences (beyond the leading order) in the finite temperature perturbation theory [3] .
II. THE QUARK-GLUON PLASMA STATE EQUATION
The QGP state equation determines the dependence of the QGP thermodynamical quantities such as energy density ǫ and pressure P on the thermodynamical variables temperature T and quark chemical potentials. There exist excellent reviews on the physics of the QGP (see, for example, Refs. 4 and 5). The QGP equation of state in first-order thermal perturbation theory in powers of the coupling constant
where B is the bag constant (see Section 4). T is the temperature while N f and µ f are the numbers of quark flavours and the quark chemical potentials, respectively. In what follows
we will consider N f = 0, 1, 2 since the inclusion of the strange (s) quark requires a special treatment [7] . The value N f = 0 describes the case of a pure gluon plasma. Note also that the state equation (2.1) was derived by neglecting quark current masses.
The explicit expressions for the functions f , f 2 and f 4 are [6]
The pressure is given by
3)
The entropy density is defined as s = (∂P/∂T ) µ .
In the perturbative region for α s defined formally as
changes its sign at α s = 4π/15 = 0.837 for N f = 0 and at α s = 0.979 for N f = 1 and becomes negative while the energy density and pressure at nonzero temperature (but at zero quark chemical potential) become equal to their zero temperature values, namely ǫ gp = −P gp = B.
Of course, this unphysical behaviour should be traced back to the perturbation theory in order α s at which the initial equations of state (2.1) and (2.3) were derived.
It is well known that the Gibbs conditions for the phase equilibrium between hadronic (H) and QGP phases at T = T c are formulated in the terms of pressure and chemical potential,
where subscripts h, qgp and c refer to H, QGP phases and transition (critical or crossover) region, respectively. At the same time, the difference between ǫ qgp − ǫ h at T = T c remains finite (nonzero) and determines the latent heat (LH), ǫ LH .
III. THE ANSATZ FOR THE HADRONIC PHASE
Let us formulate our primary assumption (Ansatz) now. The state equation for the hadronic phase (the left hand side of the equilibrium condition (2.5)) is strongly model dependent [8, 9] . However, in any model the pressure P h at any value of T , in particular at T = T c , can be measured in terms of the above mentioned bag constant, i.e. let us put
The bag constant is a universal one and it represents the complex nonperturbative structure of the QCD true vacuum. Thus the proposed Ansatz allows one to take into account nonperturbative effects from both sides of the equilibrium condition (2.5). The relation (3.1) itself is model independent, but the numerical value of the coefficient b h remains, of course, model dependent. However, this coefficient plays no role in our present analysis (see below).
Substituting Ansatz (3.1) into the Gibbs equilibrium condition (2.5), on account of (2.3), at T = T c , one obtains the constraint from which T c as well as the critical chemical potential µ c can be derived. This constraint becomes an algebraic equation of fourth order for T c , namely
where we introduce a new bag constantB as followsB = 3(b h + 1)B. In what follows T c and µ c will be calculated in terms ofB and not of old B. In other words, a definite numerical value will be assigned toB. Evidently, this is nothing but rescaling the bag constant in complete analogy with our Ansatz (3.1) which describes a rescaling of the pressure P h (T c ).
In constraint equation (3.2) µ f should be replaced by µ c in accordance with the Gibbs equilibrium conditions (2.5). This implies
Solution of the constraint equation (3.2) is
where W = f 4 −B and for simplicity's sake the dependence on α s , N f and µ c is omitted.
An interesting feature of the obtained general expression (3.4), which should be underlined, is, of course, the nonanalytic dependence of the crossover temperature T c on α s , as well as for all other physical quantities considered below. This reflects the nontrivial IR structure of the finite temperature perturbation theory [3, 10] . Some phase diagrams on the plane 
In the same way, from (3.4) at µ c = 0, one obtains
where f (α s , N f ) is given by (2.2). The significance of the obtained expressions (3.5) and especially of (3.6) is that they allow one to determine thermodynamical variables µ c and T 
IV. THE BAG CONSTANT
The bag constant is the difference between the energy density of the perturbative and the nonperturbative QCD vacuums (at zero temperature). The former one can be always normalized to zero, so the bag constant is defined as
where ǫ is the energy density of the nonperturbative vacuum. This is always negative, so the bag constant is always positive. Now let us discuss a possible numerical value for the bag constant itself.
Let us start from the so-called standard value. Indeed, the phenomenological analysis of QCD sum rules [11] for the numerical value of the gluon condensate implies
and using the well-known relation between the gluon condensate and the vacuum energy density 0| In the random instanton liquid model (RILM) [12] of the QCD vacuum, for a dilute ensemble, one has
The estimate (4.2), with QCD sum rules, of the gluon condensate can be changed within a factor of two [11] . The average value between (4.3) and (4.4) for the instanton component of the vacuum energy density ǫ I is usually considered as its standard value. Then the standard value of the bag constant is
Thus one can conclude in that the standard value of the bag constant is determined by the instanton component of the nonperturbative QCD vacuum only.
Instantons are classical solutions to the nonabelian gluon fields dynamical equations of motion contributing to the nonperturbative vacuum energy density and therefore they are unable to explain confinement phenomenon, which, no doubt, is a quantum nonperturbative effect. The QCD vacuum has a much more remarkable (richer) topological structure than instantons alone can provide. The dynamical mechanisms of such nonperturbative effects as quark confinement and DCSB are closely related to the complicated topological large scale structure of the QCD true vacuum. Assuming that the low-frequency modes of the YangMills fields can be enhanced due to the possible nonperturbative IR divergences in the true QCD vacuum [13] , we have recently proposed the zero modes enhancement (ZME) model of the true QCD vacuum [2] . This is based on the solution to the Schwinger-Dyson (SD) equation for the quark propagator in the infrared domain. We have shown that this model reveals several desirable and promising features. A single quark (heavy or light) is always off mass-shell, i.e. the quark propagator has no poles. It also implies DCSB at the fundamental quark level, i.e. a chiral symmetry preserving solution is forbidden and a chiral symmetry violating solution is required. We have calculated [2] contributions to the vacuum energy density, coming from the confining quarks with dynamically generated masses, ǫ q and of the nonperturbative gluons, ǫ g , due to the enhanceement of zero modes. We have obtained that these contribitions are almost the same and the sum is
Comparing our result with (4.5), one can see that the agreement is impressive. At the same time, neither our result or (4.5) are complete. As was discussed above, the former one was obtained at the expense of the confining quark and nonperturbative gluon component's contributions to the vacuum energy density while the latter one takes into consideration the instanton-type fluctuations only. Not knowing (at this stage) how to "marry" these effects (classical and quantum), it was proposed in our papers [2] to simply sum up values (4.5) and (4.6) in order to get more realistic values for the bag constant. Thus one obtains
where we introduced the dependence on N f since ǫ q itself gives a single quark contribution to the vacuum energy density. We will use these values of the bag constant.
In the above mentioned papers [2] , it was already explained in detail why the instantontype fluctuations are needed for the ZME model. All values of the bag constant which are less than the so-called standard value (4.5) should be ruled out since the standard value does not account for the all components of the true QCD vacuum as we hinted at [2] . There exist phenomenological estimates [14] (though we consider their values as too big) as well as lattice calculations [15] preferring a bigger-than-standard value of the bag constant. The above described components produce the main contribution to the vacuum energy density and consequently to the bag constant. A priori, we estimate other possible contributions (for example, two-loop ones, see our papers [2] ) to yield contributions by one order of magnitude less than the above mentioned. It has been noticed in [1] that nobody knows yet how big the bag constant might be, but generally it is thought that it is about 1 GeV /f m 3 . The proposed value (4.7) is in fair agreement with this expectation. Indeed, for the most realistic case of the two thermal quark species (N f = 2), which is more or less realized in heavy ion collisions at high energies, the proposed value is
(4.8)
V. COMPARISON WITH LATTICE SIMULATIONS
Let us compare now our results for T c with finite temperature lattice QCD simulations with two light staggered (Kogut-Susskind) quarks represented in Ref. 16 . We must compare lattice results with our data obtained with the help of (3.6) and not the general equation (smooth) again in agreement with finite temperature lattice simulations [17] .
VI. MEDIUM EFFECTS
The bag constant, which reflects the nonperturbative QCD vacuum structure, greatly influence the transition data, like T c and µ c , at small enough (perturbative) values of the coupling constant, α s ≤ 0.1. However, in nuclear collisions the plasma conditions are realistically attainable at much more higher values of the temperature than T c [6] . From our consideration, based mainly on formula (3.6), it follows that at the same value of the bag constant the temperature essentially increases when the coupling constant α s becomes "strong", namely 0.1 ≤ α s ≤ 1. This region (see Fig. 2 ) corresponds to the interval for the temperature T c ≤ T < ∼ 2T c which is responsible for the possible medium effects in the high-temperature phase of QCD [6, 17, 18] .
The effective gluon (plasmon) and effective (thermal) quark masses at leading order are
and
respectively. The dependence of these quantites on finite quark chemical potentials has been also derived and is given, for example, in Ref. 18 . Extending our expression (3.6) to high values of the temperature by simply replacing T c ⇒ T at "strong" regime of the coupling constant, 0.1 ≤ α s ≤ 1 (T c ≤ T < ∼ 2T c ), from (6.1) and (6.2) one finally obtains
respectively.
Here and in what follows the function f (α s , N f ) now is Taking the obtained expression for m g (6.3) as an example, let us now briefly discuss one of the most serious problems of finite T perturbation theory, i. e. the above mentioned IR divergences problem [3, 10] , which was, for example, comprehensively described in Ref. 19 .
Expanding formally (6.3) in powers of the QCD coupling constant g 2 = 4πα s , this expansion symbolically becomes
i. e. next-to-leading order is of order g 3 and not of order g 2 as it should be in perturbation theory. This non-analytic structure in g 2 reflects the original IR divergences in the naive perturbation theory [3, 10, 19] . We do not specify various constants in the expansions like (6.6) since a longer expansion would make not a great improvment. It is well-known that at best they be extended only to order g 5 [20] even in the framework of the so-called "hard thermal loops" (HTL's) ressumation approach [10] . Obviously, the general expressions (6.3) or (6.4) (and others below) make much more sense in nonperturbative investigation and numerical calculation of the screening effects in high-temperature phase of QCD.
The magnetic screening mass is of higher order in the coupling constant that the electric one (m E = √ 3m g ) [20] and is estimated as
with C ≈ 0.31 for SU(3) gauge theory [6] . Within our approach it becomes
The numerical results are shown in Fig. 7 .
One of the important medium effects is the screening of long-range color forces in the high-temperature phase. The corresponding Debye length and mass are defined as follows [6, 18] 9) and in our notations they become 10) and
The numerical results are shown in Figs. 6 and 8.
The gauge independent result for the gluon damping rate is [18] γ L,T (0) = 6.63538
For the quark damping rate, one has [18] consideration and it will be done elsewhere.
It was mentioned above that because of severe IR divergences the finite T perturbation theory breaks down after fifth order in the QCD coupling constant [19, 20] . At the same time, the proposed Ansatz (3.1) makes it possible to sum up the perturbation series for the different screening masses (which are essentially nonperturbative medium effects by origin) to infinite order starting from their expressions at leading order only (like the renormalization group approach). Thus it allows one to avoid the problem of the IR divergences, but, of course, not to solve it. It establishes the bridge between the resumed perturbation theory up to fifth order and the lattice formulation of QCD. However, by means of this method we are unable to compute the equation of state itself and the only way to do this correctly, is, of course, to use numerical methods provided by lattice QCD [19] .
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